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The diagnostic accuracy of an integron PCR method (Int-PCR) for detecting class 1 integrons (1,000, 1,200,
and 1,600 bp) in the identification of antibiotic-resistant Salmonella strains was evaluated using 730 Salmonella
isolates from pen floor samples collected from four swine production systems in Illinois. Three integron
groupings were detected: 1,000 bp only, 1,600 bp only, and both 1,000 and 1,200 bp. The presence of any of the
three class 1 integron groupings was associated with four-drug resistance (streptomycin, spectinomycin,
sulfisoxazole, and tetracycline [St Spc Su Tet]). In addition, the presence of both the 1,000- and 1,200-bp
integrons added resistance to ampicillin (Amp) and chloramphenicol (Cm), and the 1,600-bp integron added
resistance to gentamicin (Gen) and kanamycin (Kan). DNA sequencing of integrons confirmed the presence of
the aminoglycoside adenyl transferase (aadA) gene, conferring St Spc resistance in the 1,000-bp integron; the
�-lactamase gene, conferring Amp resistance in the 1,200-bp integron; and the aadA and aadB genes, confer-
ring St Spc Gen Kan resistance in the 1,600-bp integron. The 1,600-bp integron appears to have the 1,000-bp
intergron as its core, with additional genetic material conferring additional antibiotic resistance. The diag-
nostic accuracy of Int-PCR in detecting resistance to individual antibiotics was limited by the presence of
phenotypic resistance in isolates without integrons. However, Int-PCR had high diagnostic accuracy (sensi-
tivity and specificity) in detecting multidrug resistance: 0.98 and 0.92, respectively, for St Spc Su Tet; 0.95 and
1.0 for Amp Cm St Spc Su Tet; and 1.0 and 0.99 for Gen Kan St Spc Su Tet. Thus, Int-PCR can be valuable
in epidemiological surveys as a screening tool for the detection of multidrug-resistant Salmonella strains.

Epidemiological studies have implicated pork as being an
important food-borne source of Salmonella enterica (2, 3). The
emergence of antibiotic-resistant strains (22, 24), especially
multidrug-resistant Salmonella enterica serovar Typhimurium
DT104 (21, 27), has increased public health concerns. In pork
production, antibiotic resistance may result from the routine
addition of prophylactic antibiotics to feed (6, 12).

Mobile, horizontally transmissible genetic elements of bac-
teria such as plasmids and transposons may contain one or
more integrons, gene cassettes inserted between two conserved
flanking regions (11). Class 1 integrons can capture genes from
the environment and incorporate them by site-specific recom-
bination. When they are part of the genome of pathogenic
organisms such as Salmonella (10, 8, 9, 17), Klebsiella (13, 26),
Yersinia (23), and Escherichia coli (16), integrons may be re-
sponsible for the horizontal transfer of antibiotic resistance
among other pathogenic bacteria. The presence of genes
within integrons coding for antibiotic resistance and the asso-
ciation of antibiotic resistance phenotypes with the presence of
integrons have been well documented (10, 16, 17, 25, 26).

Although the detection of class 1 integrons using PCR meth-
ods has become commonplace (5, 9, 10, 14, 19, 25), the diag-
nostic accuracy (e.g., sensitivity and specificity) of integron

PCR (Int-PCR) methods in detecting antibiotic resistance has
not been investigated. An accurate PCR-based diagnostic tool
for the detection of antibiotic resistance could be useful in
epidemiological investigations due to time and cost savings
compared to commonly used antibiotic resistance panels. This
study evaluated the diagnostic accuracy of a PCR technique for
detecting class 1 integrons in identifying antibiotic resistance in
Salmonella isolates obtained from swine production facilities.

MATERIALS AND METHODS

Four swine production units with a prior history of high Salmonella prevalence
were studied. From May to September 2003, six to eight visits were made to each
farm at approximately 2-week intervals. Samples of pen floor contents were
collected from selected evenly spaced gestation pens and from all finishing pens.

Approximately 3 g of each pen floor sample was cultured for Salmonella by
placing it into 30 ml of tetrathionate broth (Remel, Lenexa, KS) at the site of
collection. Upon return to the laboratory on the same day, all samples were
incubated at 37°C for 36 to 48 h. One hundred microliters of the culture from
tetrathionate broth was then transferred from each tube into 9.9 ml of Rappa-
port’s R-10 broth (Remel) and incubated at 37°C for 24 h. Each sample culture
was then streaked onto a xylose lysine tergitol-4 agar plate (Remel) and incu-
bated at 37°C for 24 h. A maximum of five red colonies with black centers were
picked from each plate, streaked onto separate brilliant green agar (Remel), and
incubated at 37°C for 24 h. Cultures with light pink colonies were streaked onto
Trypticase soy agar (Difco, Detroit, MI) plates and incubated at 37°C for 24 h.
A colony from each Trypticase soy agar plate was inoculated into 1 ml of
Trypticase soy broth in freezer tubes that were incubated overnight at 37°C.
After incubation, 50% glycerol (1:1 dilution of pure glycerol with water and
autoclaved) was added to the Trypticase soy broth culture. The tubes were deep
frozen at �80°C until they were retrieved for further laboratory procedures.
After thawing, the identification of each isolate as Salmonella was confirmed by
performing PCR for the invA gene (4), as described previously (20).

DNA was extracted from the Salmonella isolates using the QIAquick PCR
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purification kit (Qiagen Inc., Valencia, CA) and used as the template for the
detection of integrons with intI primers in a PCR (Integrated DNA Technolo-
gies, Coralville, IA). The sense primer of intI was 5�-GGC ATC CAA GCA GCA
AGC-3�, and the antisense primer was 5�-AAG CAG ACT TGA CCT GAT-3�
(15). Each 50-�l reaction mix contained 32 �l H2O, 5.0 �l template DNA, 2.5 U
Taq polymerase (Takara Biol Inc., Japan), 5 �l 10� reaction buffer, 2 �l each 10
pmol primer, 2 �l 5 mM deoxynucleoside triphosphates, and 1.5 �l 50 mM
MgCl2 deoxynucleoside triphosphates. Thermocycler run conditions included an
initial denaturation step at 94°C for 3 min, 25 cycles each at 94°C for 30 s, primer
annealing at 64°C for 30 s, and a extension step at 72°C for 1 min. The final
extension time was 7 min at 72°C.

Antimicrobial susceptibility testing of Salmonella isolates was carried out using
NARMS Sensititre panels according to the manufacturer’s protocol (Trek Di-
agnostic Systems, Inc., OH). Antimicrobial breakpoints were selected according
to Clinical Laboratory Standards Institute (formerly NCCLS) recommendations
(18). The antibiotics selected and breakpoints for resistance were as follows: 32
�g/ml for ampicillin, 32 �g/ml-16 �g/ml for amoxicillin-clavulanic acid, 32 �g/ml
for chloramphenicol, 32 �g/ml for cefoxitin, 16 �g/ml for gentamicin, 64 �g/ml
for kanamycin, 512 �g/ml for sulfisoxazole, 64 �g/ml for streptomycin, and 16
�g/ml for tetracycline. The panel did not contain spectinomycin or sufficient
dilutions of streptomycin. Thus, additional dilutions of spectinomycin (spectino-
mycin dihydrochloride; Sigma-Aldrich Co., MO) and streptomycin (streptomycin
sulfate salt; Sigma-Aldrich Co., MO) were made in the laboratory, with break-
points for resistance to streptomycin and spectinomycin at 64 �g/ml. The strains
of organisms used for quality control were Escherichia coli ATCC 25922, En-
terococcus faecalis ATCC 29212, Enterococcus faecalis ATCC 51299, Staphylo-
coccus aureus ATCC 29213, Pseudomonas aeruginosa ATCC 27853, and Strep-
tococcus pneumoniae ATCC 49619. All plates were incubated for 18 h at 37°C
and read using a Sensitouch reader (Trek Diagnostic Systems, Inc., OH).

A representative sample of Salmonella isolates was selected for nucleotide
sequencing of integrons. The samples were chosen to represent all farms con-
taining class 1 integrons in the study, various sampling periods and spatial
locations within each farm, and different integron sizes. Every isolate with a
single integron (1,000 or 1,600 bp) was purified using a QIAquick PCR purifi-
cation kit (Qiagen Inc., Valencia, CA) following Int-PCR. For isolates with two
integrons (1,000 and 1,200 bp), following Int-PCR and the separation of bands
through electrophoresis, each integron was extracted using a QIAquick gel ex-
traction kit (Qiagen Inc., Valencia, CA). Purified integron DNA samples were
sequenced (Elim Biopharamaceuticals, CA) using intI primers. Forward and
reverse sequences were formatted and aligned using DNASIS-MAX software,
version 2.5 (Mirai-Bio, CA). The complete sequences were referenced in NCBI
BLAST (http://www.ncbi.nih.gov/BLAST) for analogy with genes for antibiotic
resistance in GenBank. Only sequences with similarities of �99% were consid-
ered to be identical.

The association of phenotypic resistance to each antibiotic with each detected
integron group (no integrons, 1,000 bp, 1,000 bp plus 1,200 bp, and 1,600 bp) was
identified using the Fisher exact test (� � 0.01, due to multiple tests) and
quantified by calculating the phi coefficient (7). The sensitivities and specificities
of Int-PCR for each integron group in detecting drug resistances were estimated
(7); exact binomial 95% confidence intervals were calculated using EpiInfo,
version 6.04d (Centers for Disease Control and Prevention, Atlanta, GA).

RESULTS

A total of 12,227 pen floor samples were collected. Class 1
integrons were detected in 338 of 730 Salmonella isolates
(46%) on three of the four farms sampled. Isolates were clas-
sified into four groups based on the integrons present (Fig. 1):
no integrons (54%), 1,000-bp integrons (39%), both 1,000- and
1,200-bp integrons (6%), and 1600-bp integrons (2%);
1,200-bp integrons did not occur independently of 1,000-bp
integrons. Not all farms had all integron types.

The presence of any of the integron groups was highly as-
sociated with resistance to four drugs: streptomycin, sulfisox-
azole, tetracycline, and spectinomycin (Table 1); 91% of iso-
lates with any of the class 1 integrons had this multidrug
resistance pattern. All isolates with 1,200-bp integrons were
also resistant to both ampicillin and chloramphenicol. All iso-
lates with 1,600-bp integrons were also resistant to gentamicin

and kanamycin. However, some isolates without integrons
were also resistant to the same antibiotics, most commonly
tetracycline (31%), sulfisoxazole (20%), spectinomycin (16%),
and chloramphenicol (15%). None of the isolates with no in-
tegrons were resistant to gentamicin; only 5% were resistant to
kanamycin.

In detecting resistance to the four antibiotics with which all
integron groups were associated, the sensitivity of Int-PCR test
result of any integron present varied from 0.73 (tetracycline) to
0.91 (streptomycin); specificity varied from 0.95 to 1.0 (Table
2). For the antibiotic resistance patterns associated with the
presence of both the 1,000- and 1,200-bp integrons, the sensi-
tivities and specificities of Int-PCR were 0.91 and 0.57, respec-
tively, for ampicillin and 0.43 and 0.53, respectively, for chlor-
amphenicol; the specificity of Int-PCR increased to 1.0 for
these antibiotics if the presence of both 1,000- and 1,200-bp
integrons was used as the diagnostic criterion. For resistances
added by the 1,600-bp integron, the sensitivity of Int-PCR in
detecting gentamicin was 1.0 but was only 0.28 for kanamycin.
The specificity of Int-PCR in detecting each of these resis-
tances was 0.53 for the all-integron test criterion but increased
to 0.99 if the presence of the 1,600-bp integron was the sole
diagnostic criterion.

The sensitivities and specificities of the Int-PCR test to de-
tect the four-drug (St Spc Su Tet) and six-drug (Amp Cm St
Spc Su Tet and Gen Kan St Spc Su Tet) resistance patterns in
the presence of any of the three integron groups were 0.98 and
0.92, 0.95 and 1.0, and 1.0 and 0.99, respectively.

There were 135 isolates with integrons selected for sequenc-
ing: 108 with the 1,000 bp integron only, 19 with both the 1,000-
and 1200-bp integrons, and 8 with the 1,600-bp integron only (a
total of 154 integrons sequenced). All sequences shared �99%
homology with GenBank reference sequences. All 1,000-bp

FIG. 1. Gel images showing the three integron size groups: 1,000
bp, 1,000 and 1,200 bp, and 1,600 bp.

VOL. 46, 2008 DETECTION OF ANTIBIOTIC RESISTANCE IN SALMONELLA 917



and 1,600-bp integrons contained the aminoglycoside adenyl
transferase (aadA) gene, coding for streptomycin and specti-
nomycin resistance; 6 of these isolates had the aadA1 gene, and
129 had the aadA2 gene. The aadB gene, coding for gentamicin
and kanamycin resistance, was identified in all 1,600-bp inte-
grons. The 	-lactamase (bla) gene, coding for ampicillin resis-
tance, was identified in all 1,200-bp integrons.

DISCUSSION

In the present study, 46% of the isolates contained class 1
integrons (1,000, 1,200, and 1,600 bp in size), which is indica-
tive of their high frequency of occurrence in Salmonella strains.
As described previously (10, 16, 17, 26), a strong association of
class 1 integrons (1,000, 1,000 and 1,200, and 1,600 bp) with
identified resistance to specific antibiotics was demonstrated

and attributed in part to the existence of resistance genes
(aadA for streptomycin and spectinomycin, aadB for gentami-
cin and kanamycin, and 	-lactamase for ampicillin) within
these integrons. The gene sequencing and associated antibiotic
resistance profiles of each integron group suggest that the
1,600-bp integron in part shares a common ancestor with the
1,000-bp integron plus additional genetic material containing
the aadB gene. In contrast, the 1,200-bp integron containing
the 	-lactamase gene apparently has an independent evolu-
tionary origin.

There were several resistance patterns identified that were
not associated with genes present in integrons. All isolates with
1,000-bp and 1,600-bp integrons were resistant to sulfisoxazole
and tetracycline, but genes for neither resistance were found
on the integrons, almost one-third of isolates without class 1

TABLE 1. Distribution of integrons across farms and association with antibiotic resistance

Integron group Total no. of
isolates Farm(s)

No. (%) of isolates with resistance toa:

Amox Amp Cef Cm Gen Kan St Su Tet Spc

No Integrons 392 All 2 (0.5) 4 (1.0) 3 (0.7) 58 (14.8) 0 21 (5.4) 33 (8.4) 78 (19.9) 120 (30.6) 64 (16.3)
164 D 0 3 (1.8) 0 4 (2.4) 0 18 (11.0) 28 (17.1) 16 (9.8) 52 (31.7) 7 (4.3)
189 K 2 (1.1) 1 (0.5) 2 (1.1) 54 (28.6) 0 3 (1.6) 5 (2.7) 57 (30.2) 66 (34.9) 57 (30.2)
39 R 0 0 1 (2.6) 0 0 0 0 5 (12.8) 2 (5.1) 0
0 S 0 0 0 0 0 0 0 0 0 0

1,000 bp 285 All 0 1 (0.4) 0 2 (0.7) 11 (3.9) 0 268 (94.0) 285 (100) 270 (94.7) 285 (100)
142 D 0 1 (0.7) 0 2 (1.4) 11 (7.8) 0 142 (100) 142 (100) 127 (89.4) 142 (100)
25 K 0 0 0 0 0 0 20 (80) 25 (100) 25 (100) 25 (100)

118 S 0 0 0 0 0 0 106 (90.0) 118 (100) 118 (100) 118 (100)

1,000 � 1,200 bp 41 All 0 41 (100) 0 41 (100) 0 0 41 (100) 41 (100) 41 (100) 41 (100)
40 D 0 40 (100) 0 40 (100) 0 0 40 (100) 40 (100) 40 (100) 40 (100)
1 K 0 1 (100) 0 1 (100) 0 0 1 (100) 1 (100) 1 (100) 1 (100)

1,600 bp 12 All 0 0 0 0 11 (91.7) 8 (66.7) 12 (100) 12 (100) 12 (100) 12 (100)
12 D 0 0 0 0 11 (91.7) 8 (66.7) 12 (100) 12 (100) 12 (100) 12 (100)

Total 730 All 2 (0.2) 46 (6.3) 3 (0.4) 101 (13.8) 22 (3.0) 29 (4.0) 354 (48.5) 416 (57.0) 443 (60.7) 402 (55.1)

a For table rows with data for all farms, phi coefficients for resistances to amoxicillin, ampicillin, cefoxitin, chloramphenicol, gentamicin, kanamycin, streptomycin,
sulfisoxazole, tetracycline, and spectinomycin were 0.05, �0.23, 0.06, 0.03, �0.19, 0.8, �0.86, �0.81, �0.66, and �0.84, respectively, for the no-integron group; �0.04,
�0.20, �0.05, �0.30, �0.04, �0.16, 0.73, 0.70, 0.56, and 0.73 for the 1,000-bp group; �0.01, 0.94, �0.02, 0.61, �0.04, �0.05, 0.25, 0.21, 0.20, and 0.22 for the 1,000-
and 1,200-bp group; and �0.01, �0.03, �0.01, �0.05, 0.67, 0.42, 0.13, 0.11, 0.10 (statistical significance at an � of 0.10), and 0.12 for the 1,600-bp group, with statistical
significance at an a of 0.001 unless otherwise indicated. Amox, amoxicillin; Amp, ampicillin; Cef, cefoxitin; Cm, chloramphenicol; Gen, gentamicin; Kan, kanamycin;
St, streptomycin; Su, sulfisoxazole; Tet, tetracycline; Spc, spectinomycin.

TABLE 2. Sensitivities and specificities of Int-PCR diagnostics for detection of antibiotic resistancea

Antibiotic

1,000-bp group 1,000-bp � 1,200-bp group 1,600-bp group Any integron

Sensitivity
(95%

confidence
interval)

Specificity
(95%

confidence
interval)

Sensitivity
(95%

confidence
interval)

Specificity
(95%

confidence
interval)

Sensitivity
(95%

confidence
interval)

Specificity
(95%

confidence
interval)

Sensitivity
(95%

confidence
interval)

Specificity
(95%

confidence
interval)

Amox 0 (0.00–0.84) 0.61 (0.57–0.64) 0 (0.00–0.84) 0.94 (0.92–0.96) 0 (0.00–0.84) 0.98 (0.97–0.99) 0 (0.00–0.84) 0.54 (0.53–0.61)
Amp 0.02 (0.01–0.12) 0.58 (0.55–0.62) 0.89 (0.76–0.96) 1 (0.99–1.00) 0 (0.00–0.10) 0.98 (0.97–0.99) 0.91 (0.79–0.98) 0.57 (0.53–0.61)
Cef 0 (0.00–0.71) 0.61 (0.57–0.64) 0 (0.00–0.71) 0.94 (0.92–0.96) 0 (0.00–0.71) 0.98 (0.97–0.99) 0 (0.00–0.71) 0.54 (0.50–0.57)
Cm 0.02 (0.00–0.07) 0.55 (0.51–0.59) 0.41 (0.31–0.51) 1 (0.99–1.00) 0 (0.00–0.04) 0.98 (0.97–0.99) 0.43 (0.33–0.53) 0.53 (0.49–0.57)
Gen 0.5 (0.28–0.72) 0.61 (0.58–0.65) 0 (0.00–0.15) 0.94 (0.92–0.96) 0.5 (0.28–0.72) 0.99 (0.99–1.00) 1 (0.85–1.00) 0.55 (0.51–0.59)
Kan 0 (0.00–0.12) 0.59 (0.56–0.63) 0 (0.00–0.12) 0.94 (0.92–0.96) 0.27 (0.13–0.47) 0.99 (0.99–1.00) 0.28 (0.13–0.47) 0.53 (0.49–0.57)
St 0.76 (0.71–0.80) 0.95 (0.93–0.97) 0.12 (0.08–0.15) 1 (0.99–1.00) 0.03 (0.02–0.06) 1 (0.99–1.00) 0.91 (0.87–0.94) 0.95 (0.93–0.97)
Su 0.69 (0.64–0.73) 1 (0.98–1.00) 0.1 (0.07–0.13) 1 (0.99–1.00) 0.03 (0.01–0.05) 1 (0.99–1.00) 0.81 (0.77–0.83) 1 (0.99–1.00)
Tet 0.61 (0.56–0.66) 0.95 (0.92–0.97) 0.09 (0.07–0.12) 1 (0.99–1.00) 0.03 (0.01–0.05) 1 (0.99–1.00) 0.73 (0.69–0.77) 0.95 (0.94–0.97)
Spc 0.71 (0.66–0.75) 1 (0.99–1.00) 0.1 (0.07–0.14) 1 (0.99–1.00) 0.03 (0.02–0.05) 1 (0.99–1.00) 0.84 (0.80–0.88) 1 (0.99–1.00)

a Amox, amoxicillin; Amp, ampicillin; Cef, cefoxitin; Cm, chloramphenicol; Gen, gentamicin; Kan, kanamycin; St, streptomycin; Su, sulfisoxazole; Tet, tetracycline;
Spc, spectinomycin. Ninety-five-percent exact binomial confidence intervals are reported.
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integrons were resistant to tetracycline, and about 15% were
resistant to sulfisoxazole, spectinomycin, and chloramphenicol.
The genes carrying resistance to these antibiotics are not car-
ried on class 1 integrons. Although kanamycin resistance was
associated with the 1,600-bp integron and the gene coding for
this resistance, aadB, has been identified on this integron,
kanamycin resistance was also found in 5% of isolates not
containing class 1 integrons. The tetB gene, conferring resis-
tance to tetracycline, is carried on the Tn10 transposon (14).
Sulfisoxazole resistance carried by the sulI gene is part of the 3�
conserved sequence (17), and chloramphenicol resistance, im-
parted by the S. enterica serovar Typhimurium flo gene, was not
carried on integrons (1). The source of resistance to spectino-
mycin by isolates not carrying integrons is unknown.

Multiresistant S. enterica serovar Typhimurium DT104
strains are known to carry 1,000- and 1,200-bp integrons (9,
19). Although serotyping was not conducted here, the same
six-drug resistance pattern, Amp Cm St Spc Su Tet, of the
1,000- and 1,200-bp isolates observed here has been identified
previously for S. enterica serovar TyphimuriumDT104 strains
containing 1,000- and 1,200-bp integrons (21).

The existence of antibiotic resistance genes outside of inte-
grons in this study suggests that genes for resistance to some
antibiotics existed and were spread by clonal proliferation in
these populations for some time and that the incorporation of
integrons and additional resistances into the genome in these
populations occurred independently. The dual existence of an-
tibiotic resistance genes within and outside integrons limits the
sensitivity of the Int-PCR test.

The analysis of diagnostic accuracy indicates that Int-PCR
with components for the detection of class 1 integrons of 1,000,
1,000 and 1,200, and 1,600 bp provides moderate to high sen-
sitivity (0.73 to 0.91) in detecting individual resistances to
streptomycin, sulfisoxazole, tetracycline, and spectinomycin,
which are associated with the 1,000- and 1,600-bp integrons,
and high sensitivity (0.91 to 1.0) in detecting resistance to
ampicillin and gentamicin, which are associated with the 1,200-
and 1,600-bp integrons, respectively. The low sensitivities of
detection of resistance to kanamycin (0.28) and chloramphen-
icol (0.43) were due to the existence of resistance to these
antibiotics in isolates lacking integrons. The specificity of Int-
PCR was high (�0.95) for the four antibiotic resistances asso-
ciated with the 1,000- and 1,600-bp integrons (streptomycin,
sulfisoxazole, tetracycline, and spectinomycin) but not for
other antibiotic resistances, as would be expected.

Whereas Int-PCR had only moderate success as a diagnostic
tool for detecting or ruling out some individual antibiotic re-
sistances, its high sensitivity and specificity levels (�0.9) for
detecting four-drug (St Spc Su Tet) and six-drug (Amp Cm St
Spc Su Tet and Gen Kan St Spc Su Tet) resistance indicate that
Int-PCR can be a valuable screening tool for identifying or
ruling out multidrug resistance in Salmonella strains. Multire-
sistant S. enterica serovar Typhimurium DT104 strains are
known to carry 1,000- and 1,200-bp integrons (9, 19). Although
serotyping was not conducted here, the same six-drug resis-
tance pattern, Amp Cm St Spc Su Tet, of the 1,000- and
1,200-bp isolates observed here was identified previously for S.
enterica serovar Typhimurium DT104 strains containing 1,000-
and 1200-bp integrons (21). Thus, in using Int-PCR, the de-
tection of integrons can be followed by either Sensititre (phe-

notypic) testing or PCR techniques for the detection of specific
genes encoding antibiotic resistances associated with class 1
integrons to verify resistance patterns.

One limitation of the present study is that Int-PCR was
evaluated in only four swine production facilities over one
summer season. The sensitivity of Int-PCR in detecting anti-
biotic resistance is dependent upon the incorporation of resis-
tance genes within class 1 integrons. Thus, there could be
between-population variability that has an impact on the sen-
sitivity of Int-PCR. However, previously identified associations
of class 1 integrons with multidrug-resistant phenotypes and
genotypes across studies of Salmonella and other Enterobacte-
riaceae suggest that these results are not unique in the current
setting. Thus, in epidemiological surveys, the use of Int-PCR
can provide time and cost savings compared to running exten-
sive antibiotic resistance panels on a large number of samples.
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